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Development of Heavy-Duty Mastic Asphalt 
Bridge Surfacing, Incorporating Trinidad 
Lake Asphalt and Polymer Modified Binders 

I. Widyatmoko* — R.C. Elliott* — J.M. Read** 


* Scott Wilson Pavement Engineering Ltd, UK 
** Shell International Petroleum Company 


ABSTRACT. The mechanical properties of mastic asphalt are highly affected by the rheological 
properties of the respective mastic binder. Trinidad Lake Asphalt (TLA), which comprises 
naturally weathered bitumen and filler, is often used for modifying the mastic binder 
properties in order to obtain improved performance of the respective mastic asphalt mixture 
(such as stiffness and deformation resistance). Increased traffic loading and severe 
environmental conditions often demand more stringent requirements for the mixture 
performance; in these cases, further modifications of the mastic binder by polymer 
modification may be required. This paper demonstrates the potential use of polymer modified 
binders for mastic asphalt bridge surfacing for enhancing the mixture performance for use 
under more severe environmental conditions and/or to carry increased traffic loading. 
Rheological analysis showed that the “stiffening” effect caused by addition of TLA into 
mastic binder, which is normally anticipated in the case of conventional mastic asphalt 
(incorporating unmodified bitumen), took place in a different way if a polymer modifier was 
also used. Changes in rheological properties of different mastic binders were also reflected 
by changes in performance (such as low temperature strength, stiffness and deformation 
resistance) of their respective mastic asphalt mixtures. 

KEYWORDS: Performance, TLA, Polymer, Mastic Asphalt, Bridge, Rheology. 
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1. Introduction 

In many countries of the world, including the United Kingdom (UK), surfacing 
systems for bridge decks are selected using an empirical recipe type approach, and 
evaluated using index tests rather than using tests which measure the fundamental 
mechanical properties [DEP 99, DEP 02]. However, it is well known that 
bituminous mixtures complying with the same recipe specification can be radically 
different in terms of their engineering properties [ELL 02]. 

Mastic asphalt surfacing is a widely used and specified material for bridge 
surfacing. This material has been traditionally known as a durable and deformation 
resistant surfacing; however, significant increases in traffic loading and 
requirements for application under more severe environmental conditions warrant 
improved performance. In this study, a range of constituent materials for the various 
components of the surfacing system was first evaluated in order to target the 
optimum combinations by using performance related testing. Specifically, this paper 
focuses upon the benefits from using polymer modified binders in the mastic asphalt 
surfacing system. 

A programme of performance testing using a Dynamic Shear Rheometer (DSR) 
and the Nottingham Asphalt Tester (NAT) was carried out to assess the fundamental 
properties of the mastic asphalt (binders and mixtures respectively), and to optimise 
its constituents within the specified limits. In addition, performance in laboratory 
wheel tracking and low temperature bending tests was also measured. 


2. Mastic asphalt for bridge surfacing 

Mastic asphalt is not a new pavement surfacing product. Natural rock asphalt 
(limestone impregnated with 5-15% bitumen) was discovered in France and 
Switzerland in the 18th century, and was found to provide a durable and waterproof 
layer after mining, grinding and heating to form a paste or epure. In the 19th 
century it was discovered that a naturally occurring asphalt located in a 'lake' in 
Trinidad, West Indies (Trinidad Lake Asphalt, TLA) could be added to (and 
eventually replace) the rock asphalt, while enhancing the durability of the mixture. 
During this period, the refinement of adding stone to the epure was found to provide 
greater stability to the resulting mastic asphalt mixture. Pavement quality mastic 
asphalt of this type has a long pedigree of successful use on bridge decks, including 
across the Nile in 1929, the Forth in Scotland in 1964, the Bosphorus in Turkey in 
1973, the Humber in England in 1980, and the Tsing Ma Bridge in Hong Kong in 
1997. Modem pavement quality mastic asphalt commonly comprises a blend of 
TLA and penetration grade bitumen (termed “asphaltic cement”) which is mixed 
with limestone fine aggregate to form a mastic “epure”. The addition of coarse 
aggregate completes the composition of the mastic asphalt. 
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The surfacing system for the study described in this paper comprised mastic 
asphalt surfacing laid directly on a steel bridge deck, previously treated with an 
adhesive primer and 1.5 to 3mm thick rubberised bitumen underlay, as shown in 
Figure 1, such that the total thickness of surfacing was 50mm. The objective of the 
work carried out was to try to demonstrate improved performance compared with a 
“control” mixture by selective mixture modification. 
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Figure 1. Bridge surfacing system 


3. Trinidad Lake Asphalt (TLA) 

Trinidad Lake Asphalt (TLA) consists of a mixture of bitumen and minerals of 
the following composition: soluble bitumen (53%-55%), mineral matter (36%-37%) 
and other (9%-10%). The bitumen component is made up of maltenes (63%-66%) 
and asphaltenes (33%-37%). The mineral component of TLA is made up of particles 
of various grades as follows: 

- Passing 200 Mesh (0.08 mm): 89.8% 

- Passing 100 Mesh (0.17 mm): 8.0% 

- Passing 80 Mesh (0.20mm): 2.2% 


Table 1. Properties of refined TLA 


Property 

Test Method* 

Requirements 

Penetration at 25°C (dmm) 

Softening point °C 

Loss on heating for 5h at 163°C (%mass) 
Solubility in tricholoethylene (%mass) 

Ash content (%mass) 

Density at 25°C (g/ml) 

BS 2000-49 (BS EN 1426) 

BS 2000-58 (BS EN 1427) 

BS 2000-45 (BS EN 12607) 
BS 2000-47 (BS EN 12592) 

BS 2000-223 

BS 4669 

2 + 2 

93-99 

2.0 

52-55 

35-39 

1.39-1.44 


* The methods shown in parentheses are the new BS EN speeifieations, whieh have now 
superseded the BS test methods quoted in BS3690-3. 
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Close to 40% of the mineral matter is less than 1 micron in size and is very finely 
divided. Typical properties of refined TLA, as specified in BS 3690-3 [BRI 90], are 
summarised in Table 1. 


4. Composition and properties of mastic binder 

A total of 18 mastic binders were assessed, using a Dynamic Shear Rheometer 
(DSR), which measures fundamental properties across a range of temperatures and 
frequencies, and using viscosity, penetration and softening point tests. A range of 
elastomeric bitumens, pre-blended by the suppliers both with and without TLA, 
were investigated, together with a control binder replicating the control “asphalt 
cemenf ’ used for conventional mastic asphalt surfacing. 

A list of all the polymer modified binders (PMBs) and the control binder used in 
this study, and their empirical properties, are presented in Table 2, whilst the 
viscosity - temperature relationships of selected binders are presented in Figure 2. 

The elastomeric binders used in this study mainly comprised either radial or 
linear styrene butadiene styrene (SBS) copolymers, or a blend between the two types 
of SBS, together with other additives at different proportions; however. Elastomeric 
Q or R modifiers were actually processed from recycled polymers, which were 
derived from a wide range of polymer modifiers including SBS, recycled rubber and 
plastic and polyethylene. The respective generic description of these polymer 
modifiers is presented in Table 2. 


Table 2. Composition and properties of mastic binders* 


Sample 

ID 

Composition 

Properties 

Base binder 
description 

Base binder 

Added 

TLA 

Extra 

additives 

Pen 

(dmm) 

RBSP 

(”C) 

A 

Elastomeric A 

- 

- 

47 

104.0 

Linear & Radial 
SBS 

B 

Elastomeric B 

- 

- 

41 

111.0 

Linear SBS 

C 

Elastomeric C 

- 

- 

51 

96.5 

Radial SBS 

D 

Elastomeric B 

50% 

- 

15 

88.0 

Linear SBS 


60/80pen Bitumen 

70% 

- 

11 

70.0 

- 

F 

Elastomeric F 

- 

- 

27 

72.2 

Road Grade SBS 

G 

Elastomeric F 

- 

Yes 

20 

87.0 

Road Grade SBS 

K 

Elastomeric H 

- 

- 

51 

112.0 

Highly Modified 
SBSl 

L 

Elastomeric H 

70% 

- 

14 

105.0 

Highly Modified 
SBSl 

M 

Elastomeric M 

- 

- 

88 

105.0 

Highly Modified 
SBS2 
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o 

Elastomeric M 

60% 

- 

19 

98.0 

Highly Modified 
SBS2 

Q 

Elastomeric Q 

- 

- 

16 

97.4 

Recycled Polymers 1 

R 

Elastomeric R 

- 

- 

15 

103.4 

Recycled Polymers2 

S 

Elastomeric H 

60% 

- 

12 

103.4 

Highly Modified 
SBSl 

T 

Elastomeric H 

60% 

Yes 

13 

108 

Highly Modified 
SBSl 

U 

Elastomeric R 

25% 

- 

11 

99.5 

Recycled Polymers2 

W 

Elastomeric R 

15% 

- 

15 

101.5 

Recycled Polymers2 

2** 

60/80pen Bitumen 

- 

- 

71 

48 

- 


Note: Pen and RBSP denote penetration (BS EN 1426) and ring & ball softening point (BS 
EN1427) tests respeetively. *The term “mastie binder” denote bituminous binder used in the 
mastie asphalt mixture, either with or without TEA, prior to the addition of limestone fine and 
eoarse aggregates. **Used as a eontrol sample. 

The above test results show that the addition of TLA to the unmodified bitumen 
(60/80pen) caused a reduction in penetration and an increase in softening point, as 
expected. However, the reduction in penetration value by addition of TLA to PMBs 
was typically not followed by a corresponding increase in softening point value. For 
example, the addition of 50% TLA into Elastomeric binder B resulted in a reduction 
in both penetration and softening point values. These phenomena are not surprising 
since TLA is known to have lower penetration and softening point values than the 
elastomers (see Table 1). It is generally understood that a blend of two bituminous 
binders with different penetration and/or softening point values would result in a 
new blend with penetration and/or softening point values ranging in between, and/or 
in proportion to, the respective proportions of each constituents [DES 94, REA 03]. 

It should be noted here however that the correlation between softening point and 
the respective mixture performance for PMBs is not as clear as that between 
unmodified binders and their respective mixture performance [KIN 92]. On the other 
hand, binder rheology is considered to offer better correlation with mixture 
performance [GOO 91]. Consequently, a detailed assessment of binder rheology was 
carried out. 

Figure 2 shows that the addition of TLA into the mastic binders also did not 
always result in increased high temperature viscosity (e.g. the viscosity of Sample R, 
which contained recycled polymers, was actually reduced by the addition of TLA), 
when tested using a rotary viscometer to ASTM D4402 at test temperatures between 
135 and I85°C, and spindle speeds ranging from 1.5 to 60 rpm (depending upon 
binder type and test temperatures, and using a Brookfield viscometer Spindle 34). 

For those situations where it applied, the higher viscosity of the polymer 
modified mastic asphalt (than that of the unmodified one) may imply reduced 
workability; however, observations made during the laboratory manufacturing of 
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some polymer modified mastic asphalt (e.g. Sample S, a highly modified SBSl + 
60%TLA) indicated that the reduced workability could be offset by using an 
additional additive, such as that used in Sample T (Highly modified SBSl + 
60%TLA + additives). 
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Figure 2. Viscosity - Temperature relationships for mastic binders 


The rheological testing was carried out in accordance with Clause 928 of the 
Manual of Contract Documents for Highway Works [DEP 02], which is currently a 
mandatory assessment requirement for PMBs for use in UK highways. The testing 
involved determination of complex shear modulus (G*) and phase angle (5) of the 
studied PMB materials over a range of test temperatures and frequencies. 

From the rheological testing, the following parameters were shown to have a 
significant influence on the stiffness and viscoelastic response of the studied mastic 
binders: (i) whether TLA was added into the unmodified bitumen or PMB, and (ii) 
the types of PMB used. 

Figure 3 shows the viscoelastic response of selected mastic binders, before and 
after addition of TLA. For the mastic binder not containing PMB, (Sample Z, a 
60/8Open bitumen), the addition of TLA increased the elastic response as indicated 
by the reduced phase angle (Sample E, 60/80pen+70%TLA). However, the reverse 
is true for the polymer modified mastic binders, where the addition of TLA 
increased the phase angle value (which indicates reduced elastic response). Figure 3 
also shows that samples S (highly modified SBS1+60%TLA) and U (recycled 
polymers2+25%TLA) appeared to have comparable viscoelastic response even 
though these samples contained different types of polymer modifier; Figure 3 also 
suggests that different polymeric binders may require different levels of TLA 
addition in order to obtain similar viscoelastic properties. 
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Overall, Figure 3 shows the potential benefit from using PMB (over unmodified 
binder), with or without TLA addition, as indicated by the reduced elastic response 
at low temperature (improved flexibility and healing capacity, hence potentially 
beneficial for inhibiting cracks) while remaining elastic at high temperature (which 
is potentially beneficial for resisting deformation). 
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Figure 3. Viscoelastic Response of Mastic Binders Before/After Addition of TLA 
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Figure 4. Complex modulus (g*) of mastic binders before/after Addition of TLA 


The “stiffening” effect due to the addition of TLA into unmodified mastic binder 
is also different from that for PMB; this effect is illustrated in Figure 4. A significant 
increase in complex modulus (G*), specifically at temperatures of 10°C and above. 
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is shown by sample E when 70%TLA was added into the 60/8Open bitumen; 
however, G* at temperatures of 10°C or lower was not significantly affected. 
Conversely, whereas a significant increase in G* was observed in the polymer 
modified mastic binders, specifically in the low to medium temperature region (e.g. 
60°C or less), at temperatures higher than (say) 60°C, a “softening” effect was 
observed. 


5. Composition of mastic asphalt surfacing 

Mastic asphalt samples were manufactured in the laboratory by using a variety of 
binders as summarised in Table 2, and were then subjected to performance related 
testing. 

In this study, the control and the remaining polymer modified mastic asphalt 
samples shared the following composition: 

a) The soluble bitumen content of the mastic epure, before the addition of coarse 
aggregate, was between 14-15%. 

b) The 10mm nominal size coarse aggregate content in the mastic asphalt was 
between 45 ± 2%. With 45% coarse aggregate, the bitumen content of the mastic 
asphalt was thus in the range 7.70 to 8.25%. 

The variations in mixture composition between the mastic asphalt samples 
comprised the percentages of added base binder (i.e. excluding the soluble bitumen 
within the TLA) and the added limestone fine aggregate, as summarised in Table 3. 


Table 3. Variations in composition of mastic asphalts 


Sample 

ID 

Base Binder 

Base 

Binder 

Description 

Composition 

Base Binder, 
%Mix 

TLA, 

% Binder 

Limestone Fine, 
%Mix 

A 

Elastomeric A 

Linear & Radial 
SBS 

8.0 

- 

47 

B 

Elastomeric B 

Linear SBS 

8.0 

- 

47 

C 

Elastomeric C 

Radial SBS 

8.0 

- 

47 

D 

Elastomeric B 

Linear SBS 

5.2 

50 

45 

E* 

60/8Open Bitumen 

- 

3.5 

70 

43 

G 

Elastomeric F 

Road Grade SBS 

7.5 

- 

47 

0 

Elastomeric M 

Highly Modified 
SBS2 

4.4 

60 

44 

Q 

Elastomeric Q 

Recycled 
Polymers 1 

8.0 

- 

47 

R 

Elastomeric R 

Recycled 

Polymers2 

8.0 

- 

47 

S 

Elastomeric H 

Highly Modified 

4.4 

60 

44 
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SBSl 




T 

Elastomeric H 

Highly Modified 
SBSl 

4.3 

60 

44 

U 

Elastomeric R 

Recycled 

Polymers2 

6.8 

25 

46 

W 

Elastomeric R 

Recycled 

Polymers2 

7.3 

15 

46 


Note: Samples S and T aetually had similar eomposition, exeept that an additive was used in 
Sample T to assist workability. *The eontrol sample. 


6. Performance related testing of mastic asphalt surfacing 

A relatively thin asphalt layer over a steel deck requires an asphalt surfacing 
which is stiff enough at high temperature (to resist deformation in surfacing and to 
protect the relatively less stiff rubberised bitumen underlay) but remains flexible to 
accommodate large strain movement (to prevent cracking). Consequently, therefore, 
a programme of assessment was devised to investigate three key performance 
characteristics of mastic asphalt surfacing; specifically, deformation resistance (at 
high temperature), load spreading ability (stiffness at service temperature) and 
resistance to cracking (tensile strength and stiffness at low temperature). 

The tensile strength, stiffness and deformation resistance data are summarised in 
Table 4. The stiffness reported is the indirect tensile stiffness modulus (ITSM, 
[BRI 93]) and the deformation resistance is reported in terms of the cumulative 
strain at the end of the Repeated Load Axial Test (RLAT, [BRI 96]). The tensile 
strength is the indirect tensile strength of dry specimens, using the methodology 
described in AASHTO T-283 [AAS 99], but tested at -10°C. 


Table 4. Mechanical test data 


Sample 

ID 

Mastic 

Binder 

ITST^ 
Dissipate 
d Energy 
(kN.s) 

At - WC 

ITSM^ (MPa) at 

RLAT 

Strain^ 

(%) 

at 70 "C 

-10 

"C 

0 

"C 

20 

"C 

30 ”C’ 

40 


A 

Linear & 
Radial SBS 

85.9 

16360 

8920 

1110 

360 

- 

5.0 

B 

Linear SBS 

14.7 

18830 

9540 

1120 

310 

- 

>7.5 after 
1000 
pulses 

C 

Radial SBS 

50.3 

17670 

11400 

1530 

370 

- 

6.3 

D 

Linear SBS 
+50%TLA 

38.7 

23840 

16810 

4770 

- 

610 

>7.5 after 
280 
pulses 
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E 

60/80pen 

+70%TLA 

25.5 

25770 

24400 

9200 

- 

1320 

>7.5 
after 550 
pulses 

G 

Road Grade 
SBS 

35.8 

23680 

18070 

4590 

- 

610 

>7.5 
after 130 
pulses 

0 

Recycled 
Polymers 1 
+60%TLA 

81.2 

10750 

8130 

1890 

- 

430 

>7.5 
after 980 
pulses 

Q 

Recycled 

Polymers2 

43.3 

16360 

14480 

3840 

- 

590 

>7.5 
after 250 
pulses 

R 

Highly 

Modified 

SBSl 

34.8 

17350 

15780 

5720 

- 

1300 

>7.5 
after 750 
pulses 

S 

Highly 

Modified 

SBSl 

+60%TLA 

52.8 

12400 

10100 

3560 

- 

1050 

6.9 

T 

Recycled 

Polymers2 

+60%TLA 

58.7 

12300 

10540 

3820 

- 

1250 

2.6 

U 

Recycled 

Polymers2 

+25%TLA 

29.4 

19570 

17070 

7550 

- 

1780 

>7.5 

after 

1100 

pulses 

W 

Recycled 

Polymers2 

+15%TLA 

29.5 

17780 

15860 

5700 

- 

1650 

>7.5 
after 800 
pulses 


Note: 1. Tensile strength at failure. Mean of 6; 2. Mean of 10; 3. Testing earried out at 30°C 
or 40°C as appropriate; 4. Permanent strain after 3600 pulses. Mean of 4. 
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Figure 5. Mastic asphalt mixture - Binder Stiffness Relationships 
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The stiffness was assessed in the Nottingham Asphalt Tester (NAT) by using the 
Indirect Tensile Stiffness Modulus (ITSM) test at -10, 0, 20, and 30 or 40°C, in 
order to assess the temperature susceptibility of the materials. Table 4 shows that 
mixture stiffness increases as TLA is added to the mixture (e.g. note changes in 
stiffness values between Sample B and Sample D and between Sample R and 
Samples U and W). The increase in mixture stiffness also correlated well with the 
increase in binder stiffness, as illustrated in Figure 5. High stiffness values at 
intermediate to high temperatures are generally preferred for better load spreading 
ability, whilst lower stiffness values at low temperatures are commonly perceived as 
beneficial for crack healing capacity. In this respect. Samples R, S, T and U appear 
to show the best overall stiffness values in these temperature conditions. 

The RLAT was carried out on unconfined 100mm diameter specimens, by 
applying a one second square load pulse of magnitude 100 kPa, followed by a one 
second rest period, repeated up to 3600 pulses or 7.5% permanent strain (which ever 
occurs sooner), at 70°C. These are extreme conditions for assessing the deformation 
resistance of mastic asphalt specimens, but this was considered appropriate for the 
purpose of this study; road paving asphalt cores in the UK are typically tested under 
the same loading conditions but at a much lower temperature (30 or 40°C) [BRI 96]. 
Lower permanent strain at the end of the test is generally accepted as indicative of 
better resistance to deformation. Table 4 suggests that the improvement in 
deformation resistance, as represented by lower RLAT strains, could not be clearly 
identified in all of the polymer modified mastic mixtures, since a number of samples 
reached 7.5% permanent strain before the 3600 pulses had elapsed. However, for 
those which showed significant improvement in the deformation resistance (e.g. 
Samples A, C, S and T), the improved performance coincided with the lower high 
temperature phase angle (increased elastic response) of the respective mastic binders 
(see Figure 3) compared with that of the control sample. 

Improved performance was also observed in stiffness and tensile strength values 
for the low temperature (-I0°C and/or 0°C) tests, i.e., all of the polymer modified 
mixtures showed lower stiffness and higher ITST Dissipated Energy values, which 
are desirable for improved low temperature properties. 

Overall, three polymer modified mastic asphalt mixtures (Samples R, T, and U) 
appeared to show the best combination of low and high temperature performance; 
these mixtures together with the control mixture (Sample E) were evaluated further 
in the laboratory using two simulative tests at the upper and lower service 
temperature extremes, specifically the wheeltracking test (WTT) and a low 
temperature beam bending test (LTBBT). 

The WTT was carried out broadly to BS 598-110 [BRI 98], i.e. on 200mm 
diameter specimens under a loaded wheel running in simple harmonic motion at a 
rate of 42 passes per minute, but tested at 70°C for a duration of 60 minutes (or a rut 
depth of 25mm which ever occurs sooner) under an applied stress of 0.7MPa; these 
conditions were also much more severe than those typically used in the UK. The 
LTBBT was carried out on 35mm x 30mm x 250mm beams under a monotonic load 
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applied at a rate of Irnm/minute at -10°C, to PRC T0715 [PEO 93]. The WTT and 
LTBBT data from this programme of testing are summarised in Tables 5 and 6. 


Table 5. Wheeltracking at 70°C 


Sample 

ID 

Mastic Binder 

Mean Rut Rate* 
(mm/h) 

Mean Rut Depth* 
(mm) 

Mix E 

60/80pen +70%TLA 

** 

>25 

Mix R 

Recycled polymers 

6.9 

7.7 

MixT 

Highly modified SB SI 
+60%TLA +additives 

6.5 

6.2 

MixU 

Recycled polymers +25%TLA 

9.6 

10.2 


Note: *Between 30 - 45 minutes. **sample failed before 30minutes had elapsed. 


Table 6. LTBBT Results at - lO^C 


Sample 

ID 

Mastic Binder 

Bending 
Strength, Rb 
(MP a) 

Maximum 
Bending 
Strain, Cb 
(10-^) 

Bending Failure 
Stiffness Modulus, 

Sb (MPa) 

E 

60/80pen+70%TLA 

11.8 

1.6 

7310 

R 

Recycled polymers 

5.4 

8.3 

660 

T 

Highly modified 

SB SI +60%TLA 

+additives 

6.9 

2.2 

3130 

U 

Recycled polymers 
+25%TLA 

9.7 

3.1 

3180 


The polymer modified mixtures (Samples R, T and U) show a significant 
improvement in WTT rut resistance compared with that of Sample E. The predicted 
rut depth of Sample E was estimated to be 7 to 10 times higher than the rut depths 
determined for Samples R, T or U. These findings would suggest that the modified 
mixtures will provide a significant improvement in the material’s rut resistance, 
consistent with the indications from binder rheology (Figure 3). 
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Note: The mastie binder used in Sample E2 was 60/80pen+70%TLA; in Sample R2 was 
reeyeled polymers2; in Sample T5 was highly modified SBSl +60%TLA +additives; and in 
Sample U6 was reeyeled polymers+25%TLA. 

Figure 6. Load vs Loading time for a sample from each mixture set 


From the LTBBT results, Sample R shows the highest bending strain. 
Observations during the test suggested that Sample R was relatively more flexible 
and more ductile than the remaining samples. For Samples E, T and U, cracks 
developed after just under one minute of testing, whilst cracks in Sample R were 
first observed after at least two minutes of testing in the LTBBT. As anticipated, the 
higher maximum bending strain coincided with the lower bending failure stiffness 
modulus. It should be noted here that Sample R was the only mixture (of the 4 
mixture sets) not containing TLA. 

Further observations on Sample R revealed that several thin brownish threads 
had developed inside the crack path, and appeared to have been holding the crack 
from further widening, until a crack width of approximately 1.5mm had developed, 
when these thin threads were broken. The observed thin brownish threads were 
probably the polymer modifier used in the mastic binder, in this case Elastomer R, 
which was acting as a binder reinforcement to inhibit crack propagation. Mix R also 
seemed to have a load vs loading time relationship different to that for the remaining 
samples, as illustrated in Figure 6. 
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7. Concluding remarks 

The mechanical properties of mastic asphalt are highly affected by the 
rheological properties of the respective mastic binder. This paper demonstrates the 
application of performance related testing for mastic asphalt bridge surfacing. 
Analysis showed that the “stiffening” effect caused by addition of Trinidad Lake 
Asphalt (TLA) into mastic binder, which is normally anticipated in the case of 
conventional mastic asphalt (incorporating unmodified bitumen), took place in a 
different way if a polymer modifier was also used. Specifically, the following 
observations were made on a total of 18 unmodified and modified binders, the latter 
incorporating TLA and polymers both in isolation and in combination: 

1) The addition of TLA to unmodified bitumen caused a reduction in penetration, 
and an increase in softening point and viscosity, as expected. 

2) The addition of TLA to polymer modified bitumen (PMB) caused a reduction 
in penetration and in softening point. The effect on viscosity was variable. 

3) Rheological analysis provided some explanation for this behaviour: 

i) with unmodified bitumen, TLA caused an increase in complex modulus (G*) 
and a reduction in phase angle (5), indicating an increased elastic response; 

ii) with PMB, TLA caused an increase in 5, indicating a reduced elastic 
response, and an increase in G* below around 60°C but a reduction above this 
temperature. This complex interplay of rheological properties may help to explain 
the performance of these binders in the empirical tests (penetration, softening point 
and viscosity). 

4) In a mastic asphalt mixture, the effect of the addition of TLA into unmodified 
and modified binders was to increase mixture stiffness. The effect on deformation 
resistance, measured in a repeated load creep test, was less clear; again, the 
explanation for this behaviour may lie in the rheological properties of the binder at 
elevated temperatures (60°C-70). 

5) Simulative testing, involving wheeltracking at 70°C and a simple bending test 
at -10°C, clearly showed the benefits of selected modifiers (with and without TLA) 
in the corresponding mastic asphalt mixture, compared with an unmodified control. 

The control mixture has a track record of successful use for surfacing steel 
bridge decks. The current research shows the potential use of polymer modified 
binders for mastic asphalt application, to enhance mixture performance for use under 
severe environmental conditions and/or to carry increased traffic loading. 
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